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Abstract

This study compared the dry matter intake (DMI) of Nellore heifers and bulls in the feedlot, predicted by the
BR-Corte (2010 and 2016) and NRC (2000) nutritional systems. Hence, two experiments were conducted in
a completely randomized design. The first one used 47 Nellore bulls, not castrated, with an average initial
weight of 413 kg, and 19 months of age. The second experiment used 24 Nellore heifers with an average
initial weight of 300 kg and 23 months of age. The accuracy and approximation of the DMI estimates by the
nutritional systems were adjusted with the simple linear regression model and the root mean square error
of prediction (RMSEP). The DMI was 8.06 kg day* for Nellore heifers and 11.54 kg day* for bulls, which are
higher than the values predicted by the nutritional systems. The NRC (2000) and BR-Corte (2010 and 2016)
underestimated DMI in 20.84, 20.09, and 19.35% for heifers and 28.07, 16.20, and 11.78% for bulls,
respectively. It was concluded that the BR-Corte 2010 and 2016 were the most suitable models to estimate
the DMI of Nellore heifers and bulls for higher precision and accuracy.
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1. Introduction

Dry matter intake (DMI) is the most important variable that affects animal performance. According
to Mertens (1994), 60 to 90% of variations in animal performance are explained by consumption and only
10 to 40% by the effects attributed to the nutritional value characteristics of feed, such as digestibility. This
means that maximizing animal performance requires understanding the feed intake of animals, which is an
extremely difficult variable to obtain using mathematical models because it is affected by numerous factors
related to animal diet, environment, and management, among others.

Nutritional systems such as the National Research Council (NRC), Agricultural and Food Research
Council (AFRC), Cornell Net Carbohydrate and Protein System (CNCPS), and BR-Corte have produced
empirical models to estimate intake. It is worth noting that the American and British systems developed
equations to predict consumption using animals as a database, predominantly Bos taurus. The predominant
genetic group in Brazil is Zebu, with a high number of Nellore animals, and the BR-Corte system developed
models to estimate consumption in Zebu and crossbred animals.
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Comparisons between intake values observed and predicted by nutritional systems for confined Nellore cattle

This study aimed to compare the observed DMI with the ones predicted by the BR-Corte (2010 and
2016) and NRC (2000) nutritional systems for Nellore heifers and bulls in the feedlot. It also aimed to find
the model that makes the best predictions for these categories of cattle.

2. Material and Methods

Two experiments were conducted from May to December 2017 at the Capim Branco Farm of the
Federal University of Uberlandia (UFU), in Uberlandia, MG, Brazil. The first one used 47 Nellore bulls, not
castrated, with an average initial body weight of 413 kg, and 19 months of age, and the second experiment
used 24 Nellore heifers with an average initial body weight of 300 kg, and 23 months of age.

In each experiment, the animals were identified with earrings and housed in two partially covered
bays equipped with the GrowSafe™ electronic feeding system to measure the individual intake of the animals
(observed DMI). They remained housed for 21 days for adapting to the diet and facilities. The requirements
established for formulating the diets were a gain of 700 g/day for heifers and 1 kg for bulls using information
from the NRC (2000).

The diet provided to the group of heifers contained corn silage as forage (80%) and a concentrate
based on corn meal (12.65%), soybean meal (4%), urea (0.35%), and mineral mixture (3%). The diet of Nellore
bulls contained 60% of corn silage, 28% of corn meal, 8% of soybean meal, 1% of urea, and 3% of mineral
mixture.

For the chemical composition of the diets, feed samples were taken every 14 days. Chemical analyses
were conducted according to Detmann et al. (2012), and the total digestible nutrient (TDN) content was
obtained with the NRC (2001) and BR-Corte (2016) equations (Table 1).

Table 1. Chemical composition of the diets of Nellore heifers and bulls.

Composition (%) Heifers’ diet 80:20 Bulls’ diet 60:40
Dry matter 40.47 52.66
Mineral matter 3.77 3.41
Neutral detergent fiber 41.24 33.73
Acid detergent fiber 23.77 18.94
Lignin 1.87 1.85
Crude protein 9.24 11.20
Ethereal extract 2.28 2.52
Neutral detergent insoluble crude protein 1.18 1.32
Acid detergent insoluble protein 0.89 0.91
Non-fibrous carbohydrates 40.11 45.14
Total Digestible Nutrients (NRC, 2000) 68.10 71.36
Total Digestible Nutrients (BR-Corte, 2016) 69.70 74.20

Temperature, relative humidity, and rainy events were monitored with a digital thermometer
installed near the confinement. In the experiment with bulls, the average temperature was 21.082C and
relative humidity was 54.82%, while in the experiment with heifers, these values were 26.322C and 54.92%,
respectively. Temperature and humidity data were used to calculate the adjustment factors for dry matter
intake according to the NRC (2000) equations.

Table 2. Days of intake measurement, body weight measured at the beginning and end of the experiment,
and average daily gain of confined cattle.

Category Diet Measurement days BWI BWF ADG
Nellore heifers 80:20 66 305 347 0.634
Nellore bulls 60:40 74 403 528 1.68

*BWI: Average initial body weight with 16 hours of solid fasting; BWF: Average final body weight with 16 hours of solid fasting;
ADG: Average daily gain.
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The equations used for predicting DMI were from the NRC (2000), NRC (2016)/DMIR approach, BR-
Corte (2010) for pure Zebu, and BR-Corte (2016) for Zebu, using the level of concentrate in the diet. The
variables measured in the experiment were individual dry matter intake and the average daily gain, in which
the animals were weighed with 16 hours of feed fasting at the beginning and end of the experiment.

BR-Corte (2010):

DMI (kg day™) = -2.7878 + 0.08789BW°75 + 5.0487ADG — 1.6835ADG2

BW: body weight; ADG: average daily gain.

BR-Corte (2016):

DMI (kg day?) =-1.303 + 0.0029*CL — 0.00005*CL? + 0.0843*BW° 7>+ 2.243*ADG — 0.271*ADG?

BW: body weight; CL: concentrate level; ADG: average daily gain.

NRC (2000):

DMI (kg day™!) = BWO.75 * (0.2435 NEm— 0.0466 NEm? — 0.1128))/ NEm?

BW: body weight; NEm: dietary NEm concentration in Mcal kg™* of DM.

NRC (2016)/ DMIR approach:

DMIR (kg day™) = [[NEm required/NEm dietary DM) + (NEg required/NEg dietary DM)]

NEm required: Mcal per day; NEg required: Mcal per day; NEm: dietary NEm concentration in Mcal
kg of DM; NEg: dietary NEg concentration in Mcal kg™ of DM.

The accuracy appraisal of DMI estimates by the nutritional systems was adjusted with the simple
linear regression model of observed values (dependent variable) on predicted values (independent variable),
and the statistical tests were performed according to the following hypotheses: Ho: Bo =0 and 1 =1 vs. Hi:
not Ho. The probability of type | error used was 0.01. When rejecting the null hypothesis, the predicted and
observed values were similar. Predicted values were plotted on the X-axis, while observed values were on
the Y-axis, according to Tedeschi (2006).

To assess the prediction efficiency of the models, the decomposition of mean square error of
prediction (MSEP) was performed (Kobayashi and Salam 2000). The Model Evaluation System (MES)
software was used for analyzing the data and generating plots (Tedeschi 2017).

3. Results and Discussion

The mean DMI observed in Nellore heifers was 8.06 kg day™, which is higher than the predictions of
the nutritional systems. The NRC 2000 and 2016 and BR-Corte 2010 and 2016 underestimated the DMI for
heifers by 20.84, 4.71, 20.09, and 19.35%, respectively (Table 3).

Table 3. Descriptive analysis of dry matter intake (kg day™) values observed and predicted by the nutritional
systems for each animal category.

Nellore heifers

Predicted
Observed ~ \umberof — NRC NRC2016  BR-Corte 2010 BR-Corte 2016
animals 2000
Minimum 5.32 24 5.39 5.44 4.68 5.05
Maximum 9.42 24 7.27 9.61 7.74 7.63
Mean 8.06 24 6.38 7.68 6.44 6.50
Nellore bulls
Predicted
Number NRC
Observed of 5000 NRC 2016 BR-Corte 2010 BR-Corte 2016
animals
Minimum 8.80 a7 7.22 10.03 8.64 8.77
Maximum 15.54 47 9.50 18.20 10.84 11.63
Mean 11.54 a7 8.30 14.19 9.67 10.18
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Marcondes et al. (2008) verified a mean DMI of 7.61 kg day for Zebu heifers in confinement, with
an average initial body weight of 258 kg, and diet with 75% of forage (corn silage). Valadares Filho et al.
(2016) also identified a lower DMI than the present study, with an average DMI of 6.56 kg day* and
maximum DMI of 7.22 kg day™ for Zebu heifers in confinement, with an average initial body weight of 305
kg, and an average gain of 0.7 kg day ™.

Nellore bulls presented a mean observed DMI of 11.54 kg day™. The values predicted by the NRC
2000 and BR-Corte 2010 and 2016 underestimated DMI values in 28.07%, 16.20%, and 11.78%, respectively,
and the NRC 2016 overestimated DMI values in 22.96% (Table 2). Marcondes et al. (2008) and Rubiano et al.
(2009) found an intake of 8.41 kg MS day* for non-castrated Nellore bulls.

In both experiments with Nellore heifers and bulls, the DMI was higher than the values observed in
the literature. This may have occurred because the heifers presented a compensatory gain, considering that,
before starting the experiment, they were being fed with Brachiaria brizantha cv. Marandu in the dry season
and protein supplementation of 0.1% of BW. This may have caused quantitative and qualitative feed
restrictions, thus increasing the consumption of dry matter in the feedlot. Studies conducted by Aferri
(2007), and Barbosa et al. (2016) also identified a higher consumption in animals presenting compensatory
gain. Moreover, the animals in the present study are from a genetic selection, which can lead to an increased
consumption to meet higher nutritional requirements. Such information leads to the need for adjustments
in consumption prediction models, considering the genetic potential of the animals and their previous
feeding period.

Regarding the average daily gain (ADG), the bulls presented superior performance (1.68 kg day™) to
heifers (0.634 kg day™) (Table 2). Furthermore, Nellore animals gained 0.680 kg over the estimated value (1
kg day?), which can be explained by the genetic potential of these animals that also participate in
performance and feed efficiency tests. Other studies (Fernandes et al. 2004; Paulino et al. 2008) that
measured ADG in Nellore beef cattle have identified lower performances than those of the present study.
However, the heifers performed slightly below expectations, with 0.634 kg day instead of 0.700 kg day™.
This may have been caused by the appearance of estrus in these animals during the trial, considering that
nutritional models do not display reduction adjustments for intake and performance due to the reproductive
physiology of animals.

Paulino et al. (2008) worked with Nellore males and females on a diet composed of corn silage, fine
ground corn, 42% of cottonseed corn, urea:ammonium sulfate (9:1), limestone, sodium chloride, and
mineral mixture at increasing levels of concentrate so that 1.2% of body weight was offered at the end of
the test. Whole males had weight gains of 0.83 kg day?, castrated males had 0.69 kg day™, and females had
0.66 kg day™.

Valadares Filho et al. (2016) stated that the selection of genetically superior qualities for efficiency
becomes an urgent need to be implemented in intake prediction models. According to Berchielli et al. (2011),
the higher the animal production, the higher the demand for nutrients, consequently increasing dry matter
intake. Thus, with the advance of technologies and genetic selection of animals, the influence of the genetic
potential on dry matter intake stands out. Such information may justify the higher values of observed intake
for Nellore heifers and bulls than those predicted by the nutritional systems (Table 3), which contributes to
discussions about the lack of adjustments in the models for the genetic potential of the animals evaluated.
Hence, animals present an increase in DMI to gain more weight due to their genetic expression. Therefore,
further studies should be performed in this direction so that new adjustments are incorporated into the
models.

When comparing the observed DMI with the one predicted by the BR-Corte and NRC nutritional
systems (Table 4), the simultaneous test for intercept = 0 and slope = 1 failed to reject the null hypothesis (P
< 0.001) for the different animal categories. This indicates that the models tended to be parallel to lines Y =
X, concluding that there was a similarity between predicted and observed values. The values of R? (Table 4)
explained 7 to 35% of the variations between observed and predicted values. However, it is inaccurate to
say that an R? close to zero does not indicate a correlation between observed and predicted values,
considering that this relationship might be curvilinear (Tedeschi 2006). It is ideal, in these cases, to submit
the data to the decomposition of mean square error of prediction (MSEP), according to protocols described
by Kobayashi and Salam (2000).
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Table 4. Components of the regression analysis of the observed dry matter intake and the one predicted by
the nutritional systems.

Nellore heifers

Pl P2 P3
Models R Bo Bi SEM  10:B0=0) (HO:Bl=1) (HO:BO=0andpl=1)
NRC2000 0269 1.274 1.063 0.854 0.600 0.867 <0.001
NRC2016  0.294 4.187 0.504 0.788 0.002 0.004 <0.001
BR-Corte 2010 0.347 3.317 0.737 0.763 0.027 0.236 <0.001
BR-Corte 2016 0.338 2.369 0.876 0.774 0.180 0.641 <0.001
Nellore bulls
NRC2000  0.180 2272 1.116 1.641 0.447 0.746 <0.001
NRC2016  0.311 5311 0.438 1.347 <0.001 <0.001 <0.001
BR-Corte 2010 0.076 4.107 0.769 1.847 0.294 0.566 <0.001
BR-Corte 2016 0.266 1.450 0.992 1.468 0.566 0.974 <0.001

R?a = adjusted coefficient of determination; Bo= intercept; Bi=slope; SEM= standard error of the mean; P value= probability of
significance at 1%; P! value = probability of significance at 1% of Bo= 0 and B1=1, simultaneously.
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Figure 1. Dry matter intake observed and predicted by nutritional models for the Nellore bulls (kg.day™).

>

— dry matter intake observed and predicted by NRC (2000); B — dry matter intake observed and predicted
by NRC (2016); C — dry matter intake observed and predicted by BR-Corte (2000); D — dry matter intake
observed and predicted by BR-Corte (2016).
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Figure 2. Dry matter intake observed and predicted by nutritional models for Nellore heifers (kg.day™). A -
dry matter intake observed and predicted by NRC (2000); B — dry matter intake observed and predicted by
NRC (2016); C — dry matter intake observed and predicted by BR-Corte (2000); D — dry matter intake
observed and predicted by BR-Corte (2016).

The MSEP and its decomposition were low for Nellore heifers, indicating that the predicted values
were close to the observed values for both models, and the NRC 2016 was more appropriate for this criterion
(Table 5). Moreover, the lowest mean deviation was identified in the NRC 2016 model and most of the errors
associated with the model were random, indicating the need for further evaluations to ensure there is no
lack of adjustment.

Table 5. Model evaluations by the mean square error of prediction (MSEP) and its decomposition for Nellore

heifers.
NRC 2000 NRC 2016 BR-Corte 2010 BR-Corte 2016
MSEP 3.59 1.20 3.38 3.16
Variance of MSEP 6.7 1.81 6.03 5.24
Standard deviation of MSEP 2.59 1.34 2.45 2.28
CV of MSEP (%) 72.04 111.69 72.49 72.35
Square root of MSEP 1.89 1.09 1.84 1.77
Mean bias 1.67 0.38 1.62 1.56
CD 0.35 0.71 0.32 0.37
MEF -2.35 -0.12 -2.16 -1.95
CCC (rc+-SE) 0.13 0.53 0.23 0.21
Cb (bias correction) 0.26 0.95 0.40 0.36
MSEP decomposition
Mean deviation (%) 78.19 12.01 77.95 77.35
Systematic deviation (%) 0.03 27.95 1.39 0.23
Random errors (%) 21.77 60.04 20.66 22.42

MSEP = mean square error of prediction; Mean bias = average trend between the data; CD = coefficient of determination model;
MEF = modeling efficiency; CCC = concordance correlation coefficient; Cb = bias correction factor.

The values of mean biases allow inferring that both predicted and observed values are scattered but,
among them, the NRC 2016 has better uniformity. Mean bias is the average trend calculated by the average
difference between observed values and the ones predicted by the model (Cochran and Cox 1957), in which
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a mathematical model can present a lower trend estimate if the data points are evenly spread around the Y
= X line (Tedeschi 2006).

The concordance correlation coefficient (CCC) evaluates model validity and whether the predicted
values are accurate and precise at the same time in intervals or along the original linear trend line. High
values and close to 0.9 are ideal. The point that component p (correlation coefficient) measures model
accuracy and Cb (bias correlation factor) indicates the extent to which the regression line deviates from the
slope of the unit (45°), varying from 0 to 1, in which Cb = 1 indicates no deviation from the Y = X line (Tedeschi
2006). The CCC and Cb values (Table 5) allow concluding that, for Nellore heifers, the model suggested by
the NRC 2016 was more adequate than the NRC 2000 and BR-Corte.

Anele et al. (2014) evaluated the utility of the DMIR approach for predicting DMI by growing-finishing
cattle and found that it represented the highest percentage of variation in observed DMI and had the least
root mean square error values in all data sets evaluated. This approach should be considered to predict DMI
by growing-finishing beef cattle. Additionally, the control of DMI by ruminants is complex and multifactorial
(Forbes 2003) and using only BW and NEm concentration of the diet as independent variables does not
consider these additional sources of variation affecting DMI.

The MSEP values and their decomposition for Nellore bulls showed that the BR-Corte 2016 model
was more suitable than the NRC and BR-Corte 2010 due to the lower MSEP values than the others (Table 6).
As for MSEP decomposition (Table 6), the BR-Corte 2016 model also presented lower systemic deviation
(0.001), greater random error (42.91), mean bias (1.36) with values more uniformly spread, and CCC (0.24),
which allowed inferring simultaneously a low precision and accuracy of the results, as the regression line
deviates from the slope with lower intensity than the other models (Cb = 0.47). The total variation of the
observed data also presented better predictions (CD = 0.8). In conclusion, for Nellore bulls, the model
suggested by the BR-Corte 2016 is more appropriate than the NRC and BR-Corte 2010.

Table 6. Model evaluations by the mean square error of prediction (MSEP) and its decomposition for Nellore

bulls.
NRC 2000 NRC 2016 BR-Corte 2010 BR-Corte 2016

MSEP 12.04 9.35 5.29 3.27
Variance of MSEP 64.61 79.61 29.57 10.07
Standard deviation of MSEP 8.03 8.92 5.43 3.17
CV of MSEP (%) 66.71 95.38 102.67 96.92

Square Root of MSEP 3.47 3.06 2.3 1.8
Mean bias 3.23 -2.65 1.87 1.36

CD 0.17 0.18 0.51 0.8
MEF -5.29 -3.88 -1.76 -0.71

CCC (rc+-SE) 0.05 0.23 0.07 0.24

Cb (bias correction) 0.12 0.41 0.24 0.47

MSEP Decomposition

Mean deviation (%) 86.93 75.30 66.36 57.09
Systematic deviation (%) 0.03 10.91 0.25 0.001
Random errors (%) 13.04 13.79 33.39 4291

MSEP = mean square error of prediction; Mean bias = average trend between the data; CD = coefficient of determination model;
MEF = modeling efficiency; CCC = concordance correlation coefficient; Cb = bias correction factor.

According to Valadares Filho et al. (2006), the NRC equations are inadequate to predict the DMI of
beef cattle in the feedlot when fed under tropical conditions, regardless of the racial group, weight gain rate,
and sex. However, the factors that control feed intake are complex and the interactions between these
numerous factors are mainly responsible for the lack of precision of the DMI prediction equations
(Mcmeniman et al. 2009). Thus, for this study, the models proposed by the BR-Corte were more appropriate
to estimate DMI for Nellore bulls because they were developed from a database of Bos indicus cattle and
fed tropical forage.
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Ribeiro et al. (2012) evaluated the prediction of DMI by the CNCPS 5.0, NRC, and BR-Corte for 44
Nellore PO (pure of origin), Nellore LA (open book), Tabapud PO, and Guzerd PO breed, with an average
initial body weight of 394, 348, 346, and 340 kg, respectively, and feeding with a rough and concentrated
30:70 ratio. The authors concluded that the systems underestimated the DMI and were not adequate to
predict the DMI of Zebu bulls in the feedlot. Although the average intake observed (8.85 kg day™) is close to
that predicted by the systems (CNCPS: 7.85, NRC: 8.29, Br-Corte 8.58), they believe that the difference may
concern the high dispersion of the observed data relative to the predicted data.

Kleijnen et al. (1998) stated that rigorous assumptions require that a mathematical model is valid as
long as the values observed and predicted by the model have identical means, identical variations, and are
positively correlated. Unfortunately, these conditions are rarely contemplated by mathematical models used
under practical conditions. According to Valadares Filho et al. (2016), it would be correct to develop DMI
prediction equations specific to each production system, which should consider most DMI variations when
compared to a generalized equation.

4. Conclusions

The models for predicting dry matter intake for cattle proposed by the BR-Corte 2010 and 2016
systems were more appropriate to estimate the dry matter intake of Nellore bulls. For Nellore heifers, the
NRC 2016 model was more appropriate.
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